Isonicotinic acid hydrazide (INH), an inhibitor of the photorespiratory pathway blocking the conversion of glycine to serine and C02, has been used as a selective agent to obtain INH-resistant tobacco (Nicotiana tabacum) The glycolate pathway leads to the decarboxylation of glycine to produce serine and C02, and a large part of the rapidly released photorespiratory CO2 of C3 species is attributable to this reaction (1 1, 15, 20, 23, 28). The glycolate pathway is subject to metabolic regulation by glutamate, aspartate, P-enolpyruvate, or glyoxylate (17, 27) . Treatment of leaf discs with a solution of glutamate or glyoxylate blocked glycolate synthesis and photorespiration, increased net photosynthesis (15, 16) , and reversed the inhibition of photosynthesis by oxygen (14). Berlyn (2, 3) suggested that mutations affecting the synthesis, utilization, or accumulation of specific compounds related to the glycolate pathway could be important in clarifying the control mechanisms operating in the pathway and in producing mutants with regulated photorespiration. One mutant phenotype that could reflect such changes is resistance to INH' inhibition.
oxidize INH to isonicotinic acid. In 7 of the 22 cell lines, INH resistance was associated with decreased inhibition of NAD-dependent glycine decarboxylation activity in isolated mitochondrial preparations. In the cell line that was most extensively investigated (I 24) , this biochemical phenotype (exhibiting a 3-fold higher K1 with INH) was observed in leaf mitochondria of regenerated plants and of plants produced from them by self-fertilization. After crosses between resistant and sensitive plants, the decreased inhibition of glycine decarboxylation was observed among F2 and backcross progeny only in those plants previously identified as INH-resistant by callus growth tests. In contrast, in siblings identified as INH-sensitive, glycine decarboxylation was inhibited by INH at the wild-type level. This demonstration of the transfer of an altered enzyme property from callus to regenerated plants and through seed progeny fulfills an important requirement for the use of somatic cell genetics to produce biochemical mutants of higher plants.
The glycolate pathway leads to the decarboxylation of glycine to produce serine and C02, and a large part of the rapidly released photorespiratory CO2 of C3 species is attributable to this reaction (1 1, 15, 20, 23, 28) . The glycolate pathway is subject to metabolic regulation by glutamate, aspartate, P-enolpyruvate, or glyoxylate (17, 27) . Treatment of leaf discs with a solution of glutamate or glyoxylate blocked glycolate synthesis and photorespiration, increased net photosynthesis (15, 16) , and reversed the inhibition of photosynthesis by oxygen (14) . Berlyn (2, 3) suggested that mutations affecting the synthesis, utilization, or accumulation of specific compounds related to the glycolate pathway could be important in clarifying the control mechanisms operating in the pathway and in producing mutants with regulated photorespiration. One mutant phenotype that could reflect such changes is resistance to INH' inhibition.
The inhibitor INH blocks the conversion of glycine to serine and CO2 in Chlorella (18) and tobacco leaf segments (1) , and inhibits photorespiration (10) and glycolate synthesis (27) in to- ' Abbreviations: INH, isonicotinic acid hydrazide; INA, isonicotinic acid; THF, tetrahydrofolic acid. bacco leaf discs. The glycine decarboxylation reaction is localized in the inner membrane of leaf mitochondria (13, 25) , is active only in intact mitochondria (26) Pyridoxal-P is an essential coenzyme for the above sequence (19) . INH reacts with the coenzyme in other pyridoxal-P enzymes in a time-dependent reaction to form the hydrazone (8) , and thereby inhibits the enzymic activity. The rather specific effect of INH on photorespiring tissues suggests that INH attacks the glycine decarboxylation comnplex in preference to other pyridoxal-P-containing enzymes.
Mutants affecting the glycine-serine conversion reactions were sought by isolating tobacco callus lines resistant to toxic concentrations of INH, and the isolation and genetic characterization of INH-resistant mutants have recently been described (3). Conditionally lethal seedling mutants of Arabidopsis lacking serine hydroxymethyltransferase activity have also recently been reported (22 s in an ice-cold mortar with 1.5 g sand, using 30 ml grinding medium at pH 7.7. As with callus, increasing the time of grinding of the leaf during the preparation of the extracts had little effect on the specific activity. However, a ratio of grinding solution to lamina fresh weight of at least 10:1 was essential for obtaining stable preparations. The ground tissue was passed through eight layers of cheesecloth on a Buchner funnel, and the filtrate was centrifuged at l,000g for 10 min to remove cell debris and chloroplasts. The mitochondrial fraction was collected by centrifugation at 38,000g for 10 min. After allowing the tube to drain for 30 s and wiping the walls of the tube, the residue was converted to a homogeneous paste by gentle stirring with a glass rod, and was suspended in 7.5 ml assay medium. Protein content was determined by the coomassie blue staining method (5) using bovine serum albumin as a standard.
Enzyme Assays. Mitochondrial preparations from callus tissue and leaves were used in the assay of glycine decarboxylation activity (4, 12 (20 ,umol) , about 800,000 dpm, and in some experiments with leaf mitochondria the NAD was also placed in the sidearm.
The final volume was 1.0 ml. The flasks were placed in an ice bath. At 30-s intervals, the flasks were transferred to a 30°C water bath and preincubated for the times indicated in each experiment. The contents of the sidearm were then mixed with those in the main compartment to initiate the reaction. The 1'4CO2 released was trapped on a paper wick in the center well moistened with 125 ,umol ethanolamine. The reactions were terminated after 10, 30, or 60 min by addition of 0.15 ml of 0.8 N H2SO4. Thirty min after the reaction was completed the wicks were transferred to scintillation vials containing 10 ml counting solution and 0.1 ml Protosol (New England Nuclear). Addition of Protosol to the scintillation counting fluid increased the recovery of known quantities of 14CO2 from 81 to 97% and the radioactivity in the vials remained constant for at least 48 h.
The absence of NAD in the reaction mixture decreased the activity at least 50%o in both callus and leaf preparations (12) .
When NAD was added with glycine to initiate the reaction in leaf preparations, the activity was 30%o higher than in assays which included NAD in the preincubation mixture. However, the location and timing of the added NAD had little effect on the extent of INH inhibition. For callus preparations, the activity was the same whether NAD was added to the main compartment during preincubation or was tipped in with glycine to initiate the reaction. The specific activities of leaf preparations were comparable to those obtained with purified mitochondria from spinach (9, 13, 26) Table I were significantly different from wild type, the range for all values was only 3-fold. When the specific activities of glycine decarboxylation were compared to cytochrome oxidase activity (as a marker ofgeneral mitochondrial activity) in the same preparations, no significant differences were observed in the ratio of decarboxylation/cytochrome oxidase-activity between wild type and any of the resistant lines (data not shown). Thus, it is unlikely that the differences in specific activity shown in Table I can account for resistance to INH in any of these lines.
Under the standard assay conditions given in Table I Glycine decarboxylation activity of mitochondrial preparations was examined in callus from three of these plants and from plants regenerated from wild-type cell lines. Despite large standard deviations for the mean inhibition values in these assays, the lower level of inhibition by INH for the I 24-derived plant tissue was significantly different from wild-type inhibition for two of the three plants (Table II) .
Callus resistance tests also demonstrated that in seedlings from selfed I 24 plants, the tissue was resistant, whereas wild-type seedling tissue was sensitive (3) . Figure 3 shows the effect of INH concentration on the activity of mitochondrial preparations from leaves of plants obtained from selfmg plant 40 (seed lot 78-64) and another I 24-derived plant, plant 78 (seed lot 77-44). In these experiments, carried out using a 15-min preincubation and 10-min 
DISCUSSION
The observed INH inhibition of the mitochondrial glycine decarboxylation activity in tobacco callus and leaves shows similarities to inhibition in other systems which results from formation ofthe hydrazone ofpyridoxal-P. The inhibition is time-dependent, as is typical of such a reaction (8) , and classical noncompetitive inhibition, which would be expected for this inhibitory mechanism, was observed in our standard assay when at least 60 min for the total preincubation and reaction times was used. INH is well known as an inhibitor of the tubercle bacillus, and there is some evidence that the formation of INA, an analog of NAD, may be responsible for toxicity in this organism (21 
